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ABSTRACT
The value of heat treatment of protein supplements to reduce
protein solubility and increase protein utilization was studied in
two lactation trials.

Experiment I was designed to study the

utilization of heat-treated soybean meal (HSBM) by cows in early
lactation.

An extrusion process with moist heat was used to pro-

duce HSBM - a product· with lower protein solubility than regular
soybean meal (SBM).

Ten cows, 3 wks post-partum, were assigned to

treatments of HSBM or SBM.

Due to a problem in feed bag labeling

the concentrate mix containing SBM and corn was not as formulated.

A large amount of ground whole soybeans was substituted for SBM

making th~ concentrate mix lower in protein and higher in fat than
intended.

Milk production was higher for the cows fed HSBM due to

either the higher amount of protein that they received and/or the
lower protein · solubility o.f that di.et.

No change was. seen in milk

fat percent, protein, protein components or total solids.
Experiment II used a switchback design with 12 cows to determine the feeding value of a heat treated soybean product.

Treat-

ments were commercially available heat-treated soybeans (HTP), the
unheated ingredients of HTP (HTP-U) and regular soybean meal (SBM).
Nitrogen solubility of the protein sources in 10% Burrough's buffer
solution was 9.4, 25.4, and 13.8%, respectively.

Concentrate mixes

of protein sources and corn were formulated to contain 16% crude
protein and fed at the rate of 1 kg/3 kg milk.

Production of 4%

fat-corrected-milk was similar for all treatments, although,

production tended to be highest for cows fed heat-treated soybeans.
No differences were observed in milk fat percent or total solids.
Protein percent of milk was lower when fed HTP and HTP-U probably
due to the higher fat content of those diets.

Amounts of long chain

unsaturated fatty ·acids in milk fat were increased with HTP and
HTP-U diets.
and HTP-U.

Rumen ammonia and serum urea were lower when fed HTP
This study indicates that heating soybeans improved

their value slightly as a feed for lactating cows, but milk production by cows past peak production was not significantly greater
than production achieved with conventional corn-soybean meal diets.
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INTRODUCTION
The protein supplement component of dairy rations is often
the most expensive.

With increasing human demand for cereal grains

and oilseeds, less of these protein sources may be available for
animal use in the ·future.

To maintain high levels of milk produc-

tion with no increase in the amount of high quality protein fed
demands an increase in efficiency of utilization of the protein .
.Heat treatment of high quality proteins may be part of the answer

in increasing t~e efficiency of their utilization.
tein causes it to be less soluble in the rumen.

Heating a pro-

Proteins insoluble

in the rumen are less subject to digestion by rumen microorganisms

to ammonia, volatile fatty acids, and carbon di.oxide.

The insoluble

proteins can pass through the rumen and be digested and absorbed in
the lower digestive tract with no loss in quality.

Proteins that

are degraded by the rumen microorganisms may suffer losses in quantity and quality.

Much of the annnonia released can be used by rumen

1llicroorganisms to form microbial protein.

Howeve!, some ammonia may

be lost and microbial protein may be of a lower quality than the
original protein.
The goals of this research were: 1) to study the lactational
performance of cows fed heated soybean meal versus regular soybean
meal in early lactation and 2) to determine the feeding value of a
commercially available heated soybean product, its unheated components, and regular soybean meal for cows in early to mid-lactation.
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LITERATURE REVIEW
Protein Metabolism in Ruminants
Digestion and Absorption
Protein digestion in ruminants is more complex than in monogastric animals because of the presence of the rumen.

Consumed pro-

tein may either undergo {ermentation in the rumen or pass through
to the abomasum.

The pre s ence of microorganisms in the rumen also

allows utilization of nonprotein nitrogen (NPN).
Much of the information on nitrogen metabolism has been
reviewed (25, 27, 29, 49, 74, 98, 103 , 119, 120).

Many recent

trials have been concerned with methods to reduce the amount of protein that is digested in the rumen.

By preventing ruminal degra-

dation it is hoped the efficiency of utilization of the proteins

will be increased.
Ingested proteins are subject to degradation by the microorganisms present in the rumen.

Major products of microbial fermentation

will be volatile fatty acids (VFA), carbon dioxide, and ammonia
(29, 40).

The concentration of free amino acids in the rumen is

usually very low (5, 40).

Most free amino acids will be readily

fermented to give the end products mentioned or may be used by
microbes to form microbial protein (5, 29).

Rumen microorganisms

use ammonia and other nitrogenous substances as nitrogen sources
·(82).

It is likely only very small amounts of free amino acids

will be absorbed through the rumen walls, although McCarthy et al.
(69) demonstrated that there is appreciable ab~orption of methionine
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through the rumen.
Blackburn and Hobson (18) demonstrated that the rumen bacteria
and protozoa are the proteolytic fractions of the rumen contents.
Bacteria may be responsible for most of the proteolytic activity
since most protozoa contain bacteria that could be responsible for
the apparent proteolytic activity of protozoa (122).

Rumen fluid

a16ne has a very low proteolytic activity unless it contains
lys.ed bacteria (18).
The ruminal ammonia pool is produced from microbial deamination of amino acids or from a NPN source such as urea.

Ammonia

will either be absorbed through the rumen walls or used by microbes
to form microbial protein.

Absorbed ammonia wi.11 enter the blood

and travel to the liver where most will be converted to urea (29).
Urea then can be recycled to the rumen via the saliva, or secreted
through the rumen walls.
excreted in the urine.

Urea not recycled to the rumen will be
If levels of ammonia in blood become too

high, ammonia toxicity will occur.

This is a possibility when

feeding high levels of NPN.
Protein that is not degraded by microbes will pass into the
lower digestive tract where digestion by enzymes will occur.

This

portion of feed protein that passes through the rumen is called bypass protein.

A portion of the microbes will also pass into the

lower tract of enzymatic degradation.

Both bypass protein and

microbial protein will give rise to free amino acids and small
peptides after enzymatic digestion.

The amino acids and . some
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peptides will then be absorbed . through the small intestine.
Bielorai et al. (13) found that absorption of all amino acids
occurs at a fairly constant rate iri lower parts of the small intestine.

Any undigested proteins and unabsorbed peptides and amino

ac1ds will pass ~rom the animal in the feces.
Factors Affecting Ext ent of Degradation
Many factors af f ect the extent of ruminal protein degradation.
They include: pH, protein source, flow ·rate from the rumen, and
protein solubility.

Most studies use the formation of ammonia as

an indicator of protein degradation.

Use of this criteria may

cause some difficulty in interpretation of results.

In vivo experi-

ments need to account for absorbed ammonia and J:"ecycled urea (19).
In vitro experiments may observe decreases in microbial activity if
levels of available nitrogen or carbohydrate are inadequate (5, 54).
Warner (122) &nd Blackburn (18) found that the optimum pH for
proteolytic activity of washed suspensions of rumen microorganisms
and rumen fluid was 6.5 to 7.0.
pH ranges.

This coincides with normal rumen

The most active suspensions were obtained from sheep

that had been fed 6 to 10 h before collection.
Many studies have shown that different sources of protein give
different rates of ruminal ammonia production.

Much of the dif-

ference in degradation rates may be due to differences in protein
· solubility.

Many experiments (4, 18, 39, 51, 66) have shown that

proteins which are more soluble in the rumen are more susceptible
to microbial degradation.

Annison (6) studied isonitrogenous diets
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of groundnut meal, maize, and herring meal.

Groundnut meal gave

the highest rumen ammonia and maize the lowest.

Casein, a very

soluble protein source, is almost entirely degraded in the rumen
(70).

Blackburn (17) fed casein in dissolved, soluble, and hardened

states.

It was d.i scovered that state of the protein was important

in determining the amount of degradation in the rumen.

The soluble

and dissolved forms gave higher rumen ammonia values than the

hardened less soluble casein.

He concluded that, "There is a rapid

utilization and degradation of soluble protein and nonprotein
material in the rumen and the rate of utilization of nitrogenous
material is governed by its rate of liberation from insoluble food- stuff particles" (17).
Utilization of Annnonia
Utilization of ammonia present in the rumen is very important.
Any ammonia not used by the microorganisms to form microbial protein will represent a loss of dietary nitrogen.

Important factors

in conversion of rumen ammonia into microbial protein are ammonia
concentration and amounts of fermentable carbohydrates available.
Several experiments using both artificial rumens and in vivo
measurements determined the optimum level of rumen ammonia to be
51ng/lOO ml of rumen fluid (84, 104, 109).

At concentrations

greater than this, very little additional microbial protein was
· formed.

Other researchers (7, 39, 125) determined the optimum

levels of rumen ammonia to be higher than 5 mg/100 ml.

Whatever

the optimum, if microbes do not use the "extra" ammonia it will
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likely be lost via absorption into the blood.
Some experiments showed that additional fermentable carbohydrates will increase the amount of annnonia that can be utilized by
rumen microorganisms (6, 45, 85).

Additional carbohydrates in some

rations will incr,e ase microbial activity and therefore, their need
for ammonia.

Both rumen annnonia GOncentrations and amounts of fer-

mentable carbohydrat~ must be considered in determining an animal's
ability to use additional nitrogen.

Addition of NPN or readily

degradable protein to a diet already providing the optimum ammonia
for microbial growth will not benefit the animal (25, 54, 60, 73,
100).

Loss of ammonia because of overflow into the blood represents

the major loss of nitrogen in most diets fed to ruminants.
Lo.ss ·in Protein Quality
The second loss that may occur to protein fed to ruminants is
a loss of protein quality.

Protein quality refers to the amount

and proportion of essential amino acids present.

Soybeans contain

a relatively high quality protein when compared to other feedstuffs
(75, 105).

Quality of protein fed is not always indicative of

quality of protein presented to the lower digestive tract due to
microbial intervention.

Microbial protein is of a fairly constant

composition and relatively high quality (12).

When a low quality

fed protein is degraded and converted to microbial protein its
· quality is improved.

However, when high quality proteins such as

casein or soybean meal are fed, protein quality may be reduced
(47).
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Need for ByPass Protein

Prevention of microbial degradation of high quality proteins
may benefit the animal in two ways.

First, quantitative loss via

.ammonia overflow may be reduced and second, the loss of protein
quality by conversion to microbial protein will be reduced.

Several

experiments (14, 36, 54, 92, 115, ll7, 124, 125) demonstrated the
.need for additional p_r otein passing through the rumen.

In many

-~xperiments, NPN sources, such as urea, were used In -~omp~rison of
utilization with natural plant proteins.

In most situations animal

perfoI1Ilc.uce was improved to a greater extent when natural proteins
,w ere fed.

Infusions of various proteins through a µost-ruminal cannula
has also shown the need for more bypass protein (30).

Infusion of

casein into the abomasum improved milk production in several studies
(87, 101).

Young et al. (129) showed that soybean meal infused into

the abomasum of steers was utilized to a greater extent than soybean
meal fed in the ration.

In this study infusion of 120 g of soybean

meal gave a · nitrogen retention equal to feeding 455 g of soybean
meal.
Measurement of Prote1n Degradability
Protein sources that are less subject to degradation in the
rumen are less likely to suffer losses via ammonia overflow.

The

·problem then arises as to what is the best method to measure protein degradation in the rumen?

The most accurate method is to

measure amounts of feed protein entering and leaving the rumen,
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but this requires a cannulated animal and separation of microbial
and feed protein.

Aside from the problems of maintaining an animal

with a cannula, the technique is time consuming and provides only a
one-time estimate (67).
Nylon Bag Technique
The recently developed nylon bag technique has provided use-

ful information on _protein degradation.

In such studies a fistu-

lated animal is utilized by placing nylon or dacron bags containing
weighed amounts of feed samples directly into the rumen.

The porous

bag allows fluid and microbes to enter and soluble protein and end
products of microbial fermentation to leave.

This technique has

- been used to determine the rate of protein disappearance or degradation in the rumen (34, 67, 81, 88).
two stage degradation.

Generally, proteins show a

The first stage is very rapid and is an

indicator of the amount of readily soluble nitrogen.

The second

stage is . slower and indicates digestion of the insoluble feed pro-

tein.
Orskov and McDonald (88) and Broderick (22) have used mathe-

matical models to help estimate amount of protein degraded in the
rumen.

These models . take into account both degradation rate of the

protein and flow rate from the rumen.

Several problems may occur when using the bag technique.

of

Loss

protein particles through the pores of the bag will give higher

degradation values.

Attachment of microbes to fibers in the feed

will give a lower apparent degradation value (81).

Poor ·estirnates
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may also arise from not taking into account the flow rate of material through the rumen or diet differences in test animals.
Protein Solubility
Several attempts have been made to equate solubility of feed
protein in a solvent to protein degradation in the rumen.

Finding

an appropriate solvent that will give a good comparison to actual
solubility in the rum~n has been the subject of several experiments

(2, 34, 35, 89).

Many times autoclaved rumen fluid has been used

as a standard for comparison (62, 126).

Other solvents used to

estimate protein solubility have been: .02 N sodium hydroxide (62,
64), water (62, 89), sodium chloride solutions (35, 105), 10% Wise
B~rrough's mineral buffer (24), and several other mineral solutions (35).
Crooker et al. (35) compared several solvents in a study using
several feedstuffs. _ Large variations were found in solubility·
values of some concentrates in various solvents.

They indicated

that care must be taken when interpreting soluble nitrogen values
of some feedstuffs.
In another study (34), comparisons were made between solubility
in several solvents and disappearance of feed protein from dacron
bags suspended in the rumen of fistulated steers as an indicator of

rmnen protein degradation.

For all feedstuffs tested, solubility

in Wise Burrough's mineral buffer was most highly correlated (r=.66)
to degradation values obtained from the bag technique.

Autoclaved

rumen fluid and .15 M sodium chloride did not give as good an
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estimate of protein degradation.

Deviations of oats and wheat

reduced the overall correlation of solubility in the mineral buffer
and disappearance of protein from the dacron bag.

Both of these

grains had much lower solubility values than actual degradation
values.

When oats and wheat were . eliminated, the overall correla-

tion between solubility and rumen qegradation for Wise Burrough's
mineral buffer became_ higher (r=.87).

Some disadvantages to using

the Wise Burrough's mineral buffer are that it has a high back·.- ground nitrogen level from ammonium sulfate and it is difficult to
prepare due to the small amounts of tiace minerals used.
Solubility does give an estimate of the portion of the protein
that will be soluble in the rumen and most easily converted to
-~,ammonia.

·solubility values cannot be used to estimate the total

ruminal degradation of proteins (34, 111).

To get accurate esti-

mates of total protein degradation, it ~s necessary to know flow
·rates and degradation rates of both the soluble and insoluble
fractions of the feed protein.
Other Methods of Determining Degradation
Enzymatic methods have been used to determine readily degradable and indigestible portions of -feedstuff protein (37, 65).
These methods employ an incubation of feed sample with a solution
containing an active proteolytic enzyme. - Some valuable information
·on degradation rates of insoluble protein can be obtained in this
way.

Because of the large variety of proteolytic enzymes present

in the rumen (5), this method may not give the most accurate values.
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Accurate methods of determining amounts of undigestible protein in forages are available (94, 116).

Measurementi of amount of

unavailable protein gives some indication of protein quality.
Amount of heat damage in forages can easily be estimated by the
procedures.
Methods to Reduce Rumen Protein Degradation
In some ca ses it _is desirable to increase the amount of protein
bypassing.rumen fermentatio n .

Formulation of diets that contain a

lower amount of soluble protein should be considered as a method to
increase bypass protein (21, 25, 59, 110).

This is not always pos-

sible because protein sources with low protein solubility are not
always available .

Several methods are available to increase the

amount of protein that bypasses ruminal degradation.

First, flow

rates of materials through the rumen can be changed to give microorganisms less time to degrade the protein.

Second, activity of

rumen microorganisms can be altered to make them less active in
protein degradation.

Finally, protein solubility may be reduced,

making the protein less susceptible to microbial degradation.
Altering Flow Rate and Fermentation
Hemsley (48) found that feeding high levels of sodium chloride
to sheep significantly increased wool production.

This response

was attributed to increased water consumption which caused a faster
flow of materials through the rumen.

The faster flow rate meant

that less protein was degraded in the rumen.

Several studies showed

that protein degradation is related to flow rate of materials from

12
the rumen (22, 88, 97)~

Increasing levels of feed intake (46, 86)

or changing physical form of the feed has the same effect of altering amount of bypass protein.
Some studies (44, 50) used antibiotics in feeds for sheep to
reduce rumen fermentation.

Although nitrogen retention was improved

with several antibiotics, the effect was of limited duration.
Adverse effects of reduced digestion, reduced feed intake, and
resistant strains of bacteria were observed.

The addition of

monensin to diets of steers increased the amount of bypass protein

..

but the benefit was offset by decreases in microbial protein production (95).
Solubility Reduction
Many .trials have studied the use of formaldehyde or tanntns to
reduce digestion in the rumen.
form methylene bonds (121).

Formaldehyde reacts with protein to

Reaction with formaldehyde decreases

the water sensitivity and increases the resistance of proteins to
chemical reagents and enzymes.

In some cases formaldehyde may make

the protein less digestible in the small intestine (79, 80).
Reduced digestibility in the lower tract, or overprotection, is
undesirable since le_s s protein is available to the animal.

Improved

nitrogen retention, wool growth, and body weight gains were ~emonstrated when treated proteins were fed to . sheep (11, 37, 41, 72, 80) .
.Formaldehyde treated whey protein concentrate increased milk production and nitrogen utilization of cows in one trial (76).

Other

experiments (23, 32, 58, 118) showed no increase in milk _production
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when formaldehyde treated proteins were fed to lactating cows.
Use of heat to reduce protein solubility is another method of
increasing bypass protein.
protein denaturation.

The major effect of heat is to cause

Denaturation is any modification of secon-

dary, tertiary, or: quaternary structure (55).

Changes in the fold-

ing of the protein molecule will c~ange its properties.

Solubility

is generally decreased because of larger number of hydrophobic amino

acid groups are exposed to the protein molecule surface. · Presence
of more hydrophobic groups decreases the molecules' interaction with

water.

As the amount of heat applied increases, solubility decreases

(11, 55, 60, 107, 108).

For soybeans another advantage to heating

is the inactivation by denaturation of the inhibitors of protein
.digestio_n such as trypsin inhibitors (13, 57, 75).

Reduced digesti-

bility may also occur with higher levels of heating due to formation
of indigestible comrlexes of reducing sugar groups with amino nitrogen by the Maillard reaction (108, 116).
very resistant to enzymatic attack.

The resulting complex is

Thus, to be useful the amount

of heat used in treating protein must be carefully controlled.

The

protein must receive enough heat to make it less soluble, yet not so
10uch that it becomes -undigestible.
Heating of protein sources for ruminants has been studied in
several trials.

In trials with sheep, solubility of several protein

sources was decreased by heat treatment.

Feeding the heat treated

source generally resulted in better nitrogen retention or animal
performance (26, 38, 44, 107, 108, 113).

It was also found that

356301
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heating of hay products would allow feeding of additional NPN to
the diets of ruminants (11, 60).
Whittaw et al. (123) fed calves a commercially available
groundnut meal and a groundnut meal that -received heat treatment
to ·reduce solubil~ty.

A low solubility fish meal was also fed.

Differences in diets were reflecte~ in live weight gains.

Nitro-

gen retention was tre~ted for the lower solubility sources.

Losses

of nitrogen in urine were greatly reduced when a lower solubility
source was fed.
In 3imilar studies with soybeans (99) and soybean meal (3),
the effects of heating were measured in lactating cows.

No signifi-

cant differences occurred in milk production, although means _were
higher for - heat treated products.
·nents did not change with heating.

Digestibility of ration compoMilk composition was not changed

by heating of the sqybean protein sources.
Feeding Full Fat Soybeans to Lactating Cows
Both energy and protein requirements for lactating cows are

high (29, 31, 77).

One advantage to feeding whole soybeans to

lactating dairy cattle is the additional energy it supplies.

Whole

soybeans may be used - in meeting both the energy and protein requirements of lactating cows.
An early study by Miller and Morrison (75) found a slight

increase in digestibility when soybeans were toasted, but no differences in biological value of raw, toasted, or solvent extracted
soybeans.

In another trial (52), whole soybeans were fed to
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increase the amount of fat in the diet of cows.

When high amounts

of whole soybeans were fed, decreases in milk yield and fat percent
were seen.

However, no change in yield or milk components was

observed when lower amounts were fed.

Care must be taken in feed-

ing · high amounts o,f whole soybeans· as digestive upsets may occur

with high concentrations of dietary fat (9, 52, 83, 90).
Larson and Schultz (61) fed soybean meal to give a diet of

4.2% fat and whole soybeans or soybean meal plus soybean oil to
give diets of 8% fat.

No changes were observed in production of

milk with the various treatments.

Free fatty acids of blood and

fat percent of milk increased as fat concentration of the diet
increased.

Other studies (33, 90, 93, 127) have also found

increased fat percent of milk when whole soybeans are fed.
Several of the factors that account for the varied responses
in milk fat percent ~hen fat is added to a cow's diet are reviewed
by Palmquist and Jenkins (90).

Milk fat depression may occur when

diets contain less fiber or fiber digestibility is reduced by feeding polyunsaturated oils.

Less fiber digestion leads to reduced

acetate concentrations and therefore, less substrate for fat
synthesis in the mammary gland.

Increased dietary 18 carbon fatty

acids, such as is in soybeans, will cause a decrease in short chain
fatty acids in milk fat.

Increased uptake of long chain fatty

acids by the mammary gland inhibits synthesis of the short chain
fatty acids.
Milk fat percent may be increased when protected lipid diets
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are fed (90).

This is a result of increased uptake of long c~ain

fatty acids which exceeds the reduced synthesis of short chain
fatty acids.
Milk fatty acid composition may be altered by increased
amounts of polyunsaturated fats in the diet.

Most often 18:1 and

18:2 fatty acids can be increased (52, 53, 71).

Some studies

found that protecting .the fat from hydrogenation in the rumen
.:would increase the amount of unsaturated long chain fatty acids
in milk fat (9, 15, 106, 128) and in bodyfat (43).

However, Yu

(130) found no advantage to heat or formaldehyde treatments to
increase the unsaturated fatty acids in milk.
Protein percent of milk may also be reduced by increased.
dietary fat (68, 127).

This may be a dilution effect due to

increased fluid portion of milk or changes in glucose metabolism
when higher fat rations are fed (90).

EXPERIMENT I
FEEDING HEAT-TREATED OR REGULAR SOYBEAN MEAL TO COWS IN EARLY
LACTATION

17
INTRODUCTION
The protein requirement of lactating cows is highest in early
lactation (77, 103).

Only a small amount of this requirement can

be met by body stores of protein (20); the remaining protein must
be supplied by the. diet.

Since synthesized microbial protein alone

cannot meet the dietary requirement, some natural protein must bypass the rumen.

I~ many cases the amount of bypass protein may be

limiting milk production of dairy cows (25, 28, 103, 124).

If more

high quality protein could be made to bypass the rumen, milk production may be improved.
Heat treatment is one method of reducing protein solubility in
the rumen (11, 27, 34, 108).

Protein that is less soluble will be

more likely to bypass into the lower digestive tract.

The utili-

zation of additional bypass protein will be greater than that of
additional protein that is degraded in the rumen (25, 103, 125).
Several studies (33, 44, 73, 108, 123) have shown that ruminant
performance is better when heat-treated proteins are fed.

In

previous studies with soybean meal as a protein source, only a
slight response to heat treatment was seen when fed to cows in mid
to late lactation (3; 99).

The objective of this trial was to

determine if heat treatment of soybean meal will improve its utilization by cows in early lactation.

Milk composition was also

analyzed for changes due to heating of the soybean meal.
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MATERIALS AND METHODS
Ten Holstein cows wer.e used in a 12 wk lactation trial to
evaluate the effect of heat treatment of soybean meal on milk production and composition.

Cows were assigned to the regular or

heated soybean meal treatments to give groups of nearly equal production based on past records and pre-treatment measurements.

Cows

averaged 3 wk post~partum at the start of the experiment.
Two concentrate mixes were formulated to contain 16% crude
--protein.

Mixes ..contained either regular 44% crude protein soybean

.meal (SBM) or heated soybean meal (HShM).

Heat treatment consisted

of processing through a cooker extruder using moist heat of 120 C
for 25 to 30 seco

Concentrate mixes (Table 1) were identical

--except for ·protein source.

The slightly larger amount of HSBM . in

that mix was needed because of the slightly higher -moisture content
of HSBM.
The concentrate mixes were fed at the rate of 1 kg/3 kg of
milk produced.
milk production.

Amounts were adjusted weekly to the previous week's
The two-year-old cows were given an additional

.91 kg of concentrate per day for growth allowance.

Forages fed

consisted of 2.3 kg of alfalfa-brome hay and corn silage ad libitum.
Amounts of feed fed and refusals were weighed daily.
Concentrate mixes, hay and corn silage, were sampled each week.
Four weekly samples were composited for analysis of dry matter,
crude protein, acid detergent fiber, ether extract, and ash (8).
A portion was also used for determination of protein solubility.
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TABLE 1. Ingredient content of concentrate w-xes containing soybean
meal . (SBM) and heated soybean meal (HSBM).a
Ingredient

Ration

SBM

HSBM

- - %- -

Ground shelled corn

77 .5

Soypean meal, 44% crude protein

20.5

Heat-treated soybean meal

76.25

21.75

Dicalcium phosphate

1.0

1.0

Trace mineralized salt

1.0

1.0

aRations also contained 8,800 IU added vitamin A and 2,200 IU
added vitamin D/kg.

bl6% crude protein.
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Protein solubility was determined using a modified Wise
Burrough's mineral buffer (24) (Table 2) diluted to 10% at a pH of
6.5.

Feed samples were prepared by drying at approximately 40 C

for 72 hand then grinding in a Wiley mill with a 2 mm screen.
Samples containing . approximately 50 mg of nitrogen were weighed
into a 600 ml beaker.

Mineral buf~er, 200 ml, were added to the

beaker and it was pla~ed in a 40 C water bath.

Stirring was

accomplished by a paddle stirring device suspended over the beakers.
After 1 h incubation, the contents of the beaker were filtered
using Whatman No. 4 filter paper.

Firty milliliters of filtrate

was used for nitrogen determination by the Kjeldahl method (8).
Blank readings of the mineral buffer mixture were su~tracted from
the values obtained to correct for background nitrogen (ammonium
sulfate).

Data were expressed as soluble nitrogen as a percent of

total nitrogen.
Two milk samples from consecutive milkings were collected and
composited for analyses, weekly.
Milk-O~Tester

MK ·rr 1 ,

Samples were analyzed for fat by

total solids by the Mojonnier procedure (78),

and protein by Kjeldahl (8).

Alternate week's samples were also

analyzed for milk protein components by the Rowland procedure (102).
Body weights of cows were obtained on 3 consecutive days at the
beginning and end of the experiment plus on one day in week six of
the experiment.
1 N Foss Electric, Hillered, Denmark.
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TABLE 2abComposition of the modified Wise Burrough's mineral
buffer.
Ingredient

Grams

5 liters distilled H 0
2
Mgso .7H 0
2
4

1.125

.. Na HP0
2
4

10.411

CaC1 .2H 0 C
2
2

.251

KCl

3.750

NaCl

3.750

NaHC0

26.250 + liter H 0
2

3

18.750 + liter H 0
2

{NH ) so
4 2 4
Fe.S0

0041

4

CoC1 .6H 0
2
2

.010

Znso .7H 0
2
4

.040

Mnso .H 0
4 2

.030

Cuso .5H 0
2
4

.020

3 liters distilled H 0
2
aAdd ingredients in order making sure each is dissolved
before adding the next.
bAdjust pH to
cBubble co

2

6.5 with orthophosphoric acid.

in if it

does not turn clear.
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Samples of rumen fluid and jugular blood were obtained on _
one day during week six of _the experiment.

Sampling times were

before feeding and 2, 4, and 6 h after feeding.

Rumen fluid was

obtained by stomach tube and analyzed for ·pH and anunonia (28).
Blood samples were ,centrifuged and serum was analyzed for urea
content (28).
Data were analyzed by analysis of variance using methods
described by Steel and Torrie (112).
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RESULTS AND DISCUSSION
The chemical compositi9n of feeds appears in Table 3.

Due to

a problem with the SBM concentrate mix, its composition was not as
formulated,

The problem occurred when an amount of ground whole

soybeans . were substituted for the soybean meal, due to an error in
labeling of feed bags.

The substitution of ground whole soybeans

for SBM decreased . the crude protein and increased the ether extract
of the SBM concentrate mix.

Protein solubility of the SBM concen-

.trate was also higher than expected due to the great solubility of
the ground soybeans.

Because of the differences occurring in crude

protein and fat, direct comparisons of rations is not possible.

Any

observed response will be a combination of three factors: 1) solubility differences of concentrate mixes, 2) differences in levels of
·crude protein in the diet, and 3) differences in level of ether
extract,
A determination of the extent of substitution of full fat
ground soybeans for soybean meal was made.

First, chemical compo-

sition of the corn, soybean meal, and ground soybeans was determined.
Next, a system of equations was set up with x representing the
amount of corn in the · concentrate mix, y representing the amount of
SBM, and z representing the amount of ground soybeans.
tions were needed to solve for the three unknowns.

Three equa-

Equations used

crude protein, ether extract, and total mix values and were as
follows:
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TABLE 3. Chemical composition of feeds.

Measurement

Concentrate mix
SBM
HSBM

Corn
silage

Alfalfabrome
hay

Dry ~atter %

.8 8.1 ·

88.6

40.5

89.6

Crude protein, % of DM

14.6

17.3

8.9

18.8

Soluble protein, % of total

21.8

11.3

46.1

36.7

29.3

34.0 ·

Acid detergent fiber, % of DM
Ether extract, % of DM

5.57

2.82

Ash, % of DM

5.06

5.01

5.38

8.43

25
x + Y + z = .98

Total mix (2% is added salt & mineral)

(9.61x + (48.9)y + (37.S)z = 14.6
(3,Sx + (.85)y + (16. 76)z

=

5.57

Crude protein
ether extract

Solving the simultaneous equations gave the values of x
80~0%, y = 1.6%, and z

= 16.4%.

=

As this procedure shows, the

obtained SBM concentrate mix was far from the mix that was formulated.

Over 90% of the SBM had been substituted with the ground

soybeans.

A check on this procedure on the HSBM concentrate gave

results identical to the formulation.

Thus, the determination of

the amount of substitution by this procedure was confirmed.
Feed consumption of both groups was similar except for the
concentrate mix.

Cows fed the HSBM ration received slightly more

concentrate because of the adjustment to milk production.

As milk

production increased so did the concentrate allowance.
Milk yield, composition, and body weight changes are shown in
Table 4.

Milk production was higher (P<.05) for the HSBM group.

This result was expected since the HSBM group received more protein.
Both diets were deficient in protein, as intended, according to protein requirement guidelines of the National Research Council (77).
Cows fed the HSBM diet consumed 92% of their protein needs while
those fed the SBM diet consumed 88% of their required protein
according to NRC standards.
The difference in dietary fat should favor the SBM fed cows.
Increased fat intake of these cows should give them an advantage
in producing more milk because they received more energy.

A higher
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TABLE 4. Milk yield, composition~ body weight changes, and feed_
consumption.
Measurement
Milk, kg/day

Ration
SBM
HSBM
26.6

SE

31.0a

2.48

Fat, %

3.58

3.45

.26

Protein, %

2.84

2.86

.10

2.1a

2.20

.as·

Whey protein, %

.70

.67

.03

Nonprotein nitroger., %

.05

.04

.02

Total solids, %

12.17

11.98

.33

Body weight change, kg

-2.8

12.0

Casein, %

58.2

Concentrate mix, kg/day

9.21

10.42

.80

Hay, kg/day

2.26

2.26

.02

Corn silage, kg/day
aDifferent from SBM, P<.05.

21.5

21.9

1.55
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energy ration may also increase utilization of dietary protein _

(16, 114).

Even though the . SBM fed cows had an advantage of higher

fat they produced less milk than the HSBM cows.
A graph of milk production over the 12 wk (Fig. 1) shows that
the difference in milk production increased up to week eight when
it was over 6 kg.

After week eight, the difference became smaller.

The decreased difference in the milk production was most likely due
to the increase in silage consumption.

As free choice silage con-

sumption increase?, the proportion of protein supplied by the concentrate mixes decreased.
Milk composition was not significantly different for the two
treatment groups.
groups.

Protein components were also similar for both

These results are similar to those found by other workers

. (3, 42, 66, 91, 99) who studied various feeding levels and solubilities of dietary prote1n.

In this experiment it is · also obvious

that the difference in dietary ether extract did not cause a change
in milk composition.

Several workers (9, 33, 52, 68, 127) have

observed compositional changes with increased dietary lipid; others

(61, 93, 128) have not.
Body weight gains were not significantly greater for the HSBM
treatment.

The positive difference for HSBM may be due to protein

concentration differences, some advantage in decreased protein solubility, or increased dry matter consumption.
Differences in rumen annnonia, serum urea, and rumen pH were
relatively small (Table 5).

The increase in rumen ammonia with

. I
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FIGURE 1. Average milk production of SBM and HSBM fed cows.
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TABLE 5. Rumen pH, rumen ammonia and serum urea of SBM and HSBM
animals.

Hours postfeeding

Ration
SBM
HSBM

SE

Rumen ammonia, mg/100 ml

Oh

2h
4h

6h

2.8
3.7
6.8
2.9

2.2
3.7
7.6
4.0

.58
1.14
.64
.89

Average

4.0

4.4

• 84

2h
4h

6h

10.3
9.9
11.1
10.8

12.9
12.1
12.3
12.2

2.84
2.67
3.75
2.88

Average

10.5

12.4

3".06

2h
4h

6h

7.2
6.8
6.6
6.7

6.9
6.7
6.5
6.5

.30
.22
.15
• 24

Average

6.8

6.6

.23

Serum urea, mg/100 ml

Oh

Rumen pH

Oh
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time after feeding indicates deamination of amino acids in the feed
protein.

Peak concentration? occurred at 4 h after feeding.

with both rations were slightly above 5 mg/100 ml.

Peaks

As indicated by

several experiments (84, 109) these levels may be high enough to
allow ammonia overflow into the blood, although the ammonia concen··tration would be below 5 mg/100 ml most of the time.
Higher serum urea for the HSBM cows would be expected in this
-~experiment since several studies have shown serum urea concentrations are related to amount of protein consumption (1, 96, 115).
Although the average concentration for serum urea was higher in
the HSBM group, it showed less change with time.
showed a greater increase at 4
group.

a

The SBM group

after feeding than did the HSTIM

SUMMARY
Conclusions to be drawn from this experiment are that milk
production was affected by a difference or combination of differences in protein level, protein solubility, · or ether extract percent in the diet.

C,ows fed the HSBM diet produced more milk than

those fed the SBM diet.

However, be~ause of the problem of ground

whole soybeans bein~ mixed in with the SBM, it was impossible to
-0etermine how much of the greater production with HSBM was due to
greater protein intake and how much was due to better utilization
·of feed ,t1rotein.

Composition of the milk was not changed by the

differences in diet.

Higher serum urea for HSBM fed cows was most

likely due to the higher protein concentration of their .ration._

EXPERIMENT II
THE FEEDING VALUE OF HEAT-TREATED SOYBEANS FOR LACTATING COWS
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INTRODUCTION
Lactating dairy cows have high requirements for both protein
and energy (20, 31, 77, 91).

Much of the dietary protein is sub-

ject to qualitative and quantitative losses . due to microbial fermentation in the rumen.

Since the protein supplement is often the

highest cost component of the ration, its utilization should be
·maximized.

Efficiency of protein utilization may be increased with

increased bypass protein.
Heat treatment may be one method of increasing the utilization of high quality proteins.

Heat c.:auses changes in protein mole-

-cule structure (55) that make it less soluble and therefore, less
degradable in the rumen.

Several studies have shown improved per-

formance in ruminants when they were fed diets containing less
soluble proteins (4, 6, 36, 60, 66, 115, 123, 124, 125).
Increasing the a~ount of dietary fat may also improve performance of lactating cows (16, 90, 114).

Energy requirements for

lactation may be more easily met by feeding more fat which has a
higher concentration of energy.

When additional fat was fed in

dairy rations, milk production sometimes increased (90, 127), but
often remained unchanged (52, 61, 71, 93, 99).

Long chain fatty

acids in milk fat may increase depending on the composition and
form in which the added fat is fed (9, 33, 55, 90, 93, 106, 128).
Pe-rcent protein in the milk may decrease with additional dietary
fat (9, 68).

Rumen fermentation may also be altered by additional

fat, resulting in a changed acetate - propionate ratio (52, 68, 83)
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or digestive upsets (52).

The objectives of this trial were to determine the . response
of lactating cows to a commercially available ground. whole soybean
product that had received heat treatment in· an extruder.

2

The

response to the heat-treated soybeans was compared to the response
obtained when cows were fed the unhe~ted ingredients of the heated
product, and to soybean .meal.

Measurement parameters included milk

production, milk composition, and rumen fermentation.

2Heat treated protein (HTP), Triple "F" Feeds, Des Moines, IA.
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MATERIALS ANI) METHODS
Twelve Holstein cows were used in a 12 wk lactation trial to
evaluate the effects of heating soybeans and varied fat content of
the diet on milk production and composition.

A three treatment

switchback design trial was used as described by Lucas (63) with
three periods of 4 wk each.

The first week of each period was

allowed for adjustment to the new rations while data from the last

3 wk were used in analyses~

All cows averaged .7 wk post-partum

and were beyond peak lactation at the start of the experiment.

Three concentrate mixes were formulated to contain 15% crude
protein (Table 6).

Mixes contained either regular 44% crude pro3

tein soybean mea] (SBM), ground heat-processed soybeans (HTP) , or
the unheated ingredients of HTP (HTP-U).

HTP was prepared by pr9-

cessing ground soybeans through an extruder at about 160 C.

Small

amounts of sodium bentonite, lignin sulfinate, and ammoniated
lignin sulfonate were added to aid in processing.

Larger amounts

of HTP and HTP-U were needed in these mixes to make them isonitrogens with the SBM mix.
Concentrates were fed at the rate of 1 kg/3 kg of milk produced.

Amounts were adjusted weekly to the previous week's milk

production.

Forages fed consisted of 2.3 kg of alfalfa brome hay

and corn silage ad libitum.
recorded daily.
3

Amounts of feed fed and refusals were

Body weights of cows were obtained on 3

Triple "F" Feeds, Des Moines, IA

3,6

TABLE 6. Ingredient content of concentrate mixes containing soybean
meal (SB~, heat-treated soybeans (HTP), or unheated HTP ingredients
(HTP-U). a

Ingredient

SBM

Shelled corn (ground)

80.6

SBM (44% crude protein)

17.4

HTP

Ration
HTP

HTP-U

- %

----

73.8

73.8

24.3

HTP-U

24.3

Dicalcium phosphate

1.0

1.0

1.0

Trace mineralized salt

1.0

1.0

1.0

8Mixes contained 8,800 IU added vitamin A and 2,200 IU added
vitamin D/kg.
bl5% crude protein.
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consecutive days at the start of the experiment and at the end of
each period.
Concentrate mixes, hay and corn silage, were samples each week.
Four weekly sampled were composited for analysis of dry matter,
crude· protein, and acid detergent fiber (forages only), ether
extract, and ash (8).

Protein solubility was determined using the

solvent and procedure described in experiment I.

Trypsin inhibitor

activity (57) was determined on the three soybean products.
Milk production wa s recorded daily the last 3 wk of each 4 wk
treatment period.

Milk samples wer e ~ollected from two consecutive

milkings at the end of weeks 2, 3, and 4 of each period.

Samples

were analyzed as in experiment I with the exclusion of the Rowland

procedure for protein components.

The fourth week's sample .was

also used in determination of fatty acid composition of the milk

fat after extracting ·by the Mojonnier procedure (78).

Butyl esters

of the fat were prepared as described by Jones and Davidson (56).
A .32 cm x 305 cm column containing 12% diethylene glycol succinate
on 100/110 Anakron ABS

4

was used in gas liquid chromatography separa-

tion of the butyl esters.
Samples of rumen _fluid and jugular blood were obtained during
the fourth week of each period 2 h after the morning feeding.
Blood was centrifuged and serum analyzed for urea (28).

Rumen

fluid was analyzed for pH, rumen ammonia (28), and prepared for

4

Analabs, Inc., North Haven, CT.
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analysis of volatile fatty acids (10).

A .32 cm x 183 cm column

containing neopentylgycol su~cinate on 60/80 firebrick (10) was
used in gas liquid chromatography separation of VFA.
Data were analyzed by the method of Lucas (63).

Any signifi-

cant treatment ef fec·ts were ·a nalyzed for treatment differences by
.-using orthogonal contrasts (112).

Contrasts were for levels of fat

and protein solubil~ty of the diets.

HTP versus HTP-U was the con-

trast in solubility and SBM versus (HTP and HTP-U) was the contrast
used for level of fat.
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RESULTS AND DISCUSSION
Chemical composition o~ feeds (Table 7) was as formulated
except for the slightly lower protein percent in the HTP and HTP-U
mixes.

The amounts of protein consumed by ·the SBM, HTP, and HTP-U

fed cows were 2.77, ·2.72, and 2.64 kg/day, respectively.

These

· similar amounts show that protein consumption was nearly equal even
though percentages in mixes differed slightly.
Trypsin inhibitor activity of SBM, HTP, and HTP-U was 2.1,
5
2.7, and 24.0 trypsin inhibitor units , respectively.

These values

indicate that amount of heating of HTP and SBM from normal processing was sufficient to denature most of the heat labile trypsin
inhibitor.

As expected, HTP-U, which had the least amount of heat-

ing, had the greatest trypsin inhibitor activity.

Protein solu~

bility (Table 7) was also similar for HTP and SBM, both of which
had lower protein solHbility than HTP-U.
Milk production did not differ significantly (P>.05) for
treatments (Table 8), although yields of both milk and 4% fat-corrected-milk tended to be highest when HTP was fed.

Milk fat per-

cent, total solids, and solids-not-fat were similar for all
treatments.

There was· a small but significant (P>.05) decrease in

protein percent when fed HTP and HTP-U.

The decreased protein

percent was probably due to the higher fat content of those diets
and not related to protein solubility since other experiments have
Sone trypsin
· in
· hib.itor un i t i· s equa 1 to. 1 un it d ecrease i n
absorbance at 410 nm (57).
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TABLE 7. Chemical composition of forages and concentrate mixes containing soybean meal (SBM), heat-treated soybeans (HTP), or unheated
HTP ingredients (HTP-U).
Concentrate mixes
Measu·rement

Forage
AlfalfaCorn
brome
hay
silage

SBM

HTP

HTP-U

90.7

92.1

91.4

88.8

38.4

Crude protein, % as _i s

15.2

14.4

13.8

18.8

3.5

Soluble nitrogen, % of
total N

14.7

12.6

20.4

31.8

51.0

Ether extract, % 6f DM

3.5

6.9

6.9

2.0

2.6

Ash, % of DM

4. 7

5.2

5.2

8.0

5.1

35.0

27.8

.. Dry matter, %

Acid detergent fiber, %
of DM
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TABLE 8. Milk yield and composition from cows fed rat:j..ons containing
soybean meal (SBM), heat-treated soybeans (HTP), and unheated HTP
ingredients (HTP-U).

SBM

Ration
HTP

Milk, kg/day

28.6

. FCMa , kg/day

26.5

HTP-U

SE

29.1

28.3

.70

27.2

26.2

.58

Fat, %

3.57

3.61

3.53

.10

Protein, %

3.00

2.92 *

2.93 *

.02

Solids-not-fat, %

8.58

8.55

8.61

.08

12.16

12.12

12.13

.10

Fat, kg/day

1.01

1.04

.99

.03

kg FCM/kg protein consumed

9.35

. 9. 75

9.G4

.17

Total solids, %

a4% fat-corrected-milk.

*different

from SBM, . (P<. 05).
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shown a decrease in protein percent with increased dietary fat

(9, 68).
Feed consumption and differences in body weight. change (Table.
9) were similar for all treatment groups, although body weight
gains tended to be g~eatest when fed HTP.

This may be attributable

.. to lower protein solubility since several researchers (41, 107, 108)
observed improved w~ight gains of ruminants when protein solubility
of diets was decreased.

Solubility of the protein consumed was

similar for HTP and SBM diets but greater for the HTP-U diets.
Both HTP and HTP-U diets were higher in fat percent than the SBM
.diets.

Due to the small difference in protein solubility of the

total ratjon a large response in any parameter measured would not
be expected.

One factor that shows utilization of protein may have

been greater with the HTP diet was the higher amount of 4% fatcorrected-milk produced per kg of protein consumed (Table 8).

If

more protein bypasses the rumen and is digested in the lower digestive tract, more protein will be available for production.
Fatty acid composition of milk fat (Table 10) was affected by
fat content of the diet, but not by protein solubility.

In general,

long chain fatty acids · increased and short chain fatty acids
decreased when fed HTP or HTP-U.

These results were consistant with

those of others (15, 33, 90, 93, 166, 128).

Specifically, fatty

acids of six and 12 carbons were significantly decreased (P<.05).
Decreases in eight, 10, and 14 carbon fatty acids were significant
(P<.005) when HTP and HTP-U were fed.

Oleic (18:1) and linoleic
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TABLE 9. Feed consumption, total ration protein solubility, fat percent, and body weight changes of cows fed rations containing soybean
meal (SBM), heat-treated soybeans (HTP), and unheated HTP ingredients
(HTP-U).
.

Measurement

SMB

Rations
HTP

Concentrate mix, kg/day

9.7

Corn silage, kd/day
Body weight cha-=1ge,
kg/4wk

HTP-U

SE

9.8

9.6

.52

26.9

27.2

27.7

.25

-3.0

1.8

-3.1

29.4

28.9

33.2

5.4

5.4

Total ration
Nitrogen solubility,
% of total N
Ether extract, % of
DM

3.2

7.7
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TABLE 10. Milk fatty acid composition of cows fed rations containing
soybean meal (SBM), heat-treated soybeans (HTP), and unheated H'l'P
ingredients (B.TP-U).
Fatty aci.da

SBM

Ration
HTP

HTP-U

SE

- wt %

4:0

2.2

1.7

2.0

.25

6: 0 .

3.2

2.5 *

2.7 *

.23

8:0

2.4

1.7 **

1.9**

.14

10:0

5.7

3.9 **

4.3 **

.33

12:0

5.9

4.6 *

4.7 *

.49

14:0

15.5

12.3 **

13.4 **

.69

16:0

31.7

28.8

27.9

1.75

16:1

1.6

1.5

1.4

.15

18:0

10.3

13.0*

12.8*

1.02

18:1

20.5

26.9 **

24.1 **

1.24

18:2

2.1

2.8 **

3.0 **

.19

aNotation refers to carbon chain length:number of double bonds.

*Means
**Means

different from SBM, (P<. 05).
different from SBM, (P<. 005).

45
(18:1) and linoleic (18:2) increased (P<.005) as did stearic (18:0)
(P<.05) when higher fat diets were fed.

Butyric (4:.0), palmitic

(16:0), and palrnitoleic (16:1) fatty acids showed no change with
diets (P>.05).
·volatile fatty .acids of the rumen fluid (Table 11) were not
altered by treatments.

Differences in isobutyric acid (iC4)

approached statistical ~ignificance, but due to the small amounts
of this acid differences would not be biologically significant.
Some studies have found decreases in acetate (41, 83) or increases
of propionate (53, 128) when fats are added to the diet.

This

experiment does not confirm that result, however, the amounts of
fat in this experiment may not have been eough to observe a change.
Concentrations of rumen ammonia were lower (P<.005) when HTP
and HTP-U were fed than when SBM was fed 1 wi'th the lowest values when
feeding HTP.

Since rumen ammonia concentrations may be an indica-

tor of protein degradation rates, the data may indicate that HTP is
more resistant to degradation.

Fat content of the diet may also

have a depressing effect on rumen ammonia (90) since HTP-U showed
low concentrations of rumen ammonia.

It must also be remembered

that these samples were taken at just one time, values at other
times could show greater differences.

At this sampling timei all

values were less than the 5 mg/100 ml at which it is suggested (84,
104, 109) overflow of ammonia into the blood begins to occur.
bean meal fed cows were the closest to the limit as the higher
serum urea (Table 11) for that treatment also indicated.

Soy-
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TABLE 11. Rumen VFA, ammonia, pH, and serum urea of cows fed diets
containing soybean meal, (SBM), heat-treated soybeans (HTP), and
unheated HTP ingredients (H'l'P-U).
Measurement

SBM

. 54. 3

Total VFA, µM/ml
·· VFA

Ration
HTP

49.8

HTP-U

SE

56~1

5.96

- Mole%
Ca
2

56.2

56.7

56.2

1.20

c3

24.5

26.3

26.5

1.19

C2/C3

2.3

2.1

2.2

.09

iC

2.6

1.4

2.2

.40

10.6

9.4

9.9

.54

3.6

2.9

3.6

.67

2.3

2.3

1.9

.50

4.3

2.8 *

3.2 *

.31

4

c4
iC

5

cs
Rumen Ammonia, mg/100 ml
Serum urea, mg/100 ml·
Rumen pH

12.4

10.5

9.1

1.19

6.7

6.8

6.7

.13

~umeral refers to number of carbons in VFA, i means isomer.

*Different

from SBM, (P<.005).
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Serum urea was not aff~cted '{P>.05) by diet; however, conc~ntrations were lower when fed HTP and HTP-U.

Concentrations of

serum urea tended to follow concentrations of rumen ammonia as
would be expected (1, 96).

Higher serum urea concentrations indi-

cate more. ammonia is being absorbed into the blood.

The high

·· levels for SBM indicate that more ammonia was being lost due to
overflow than on the other diets.
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SUMMARY
Several conclusions can be drawn from this experiment.

1.

Neither heat treatment of soybeans or fat content of the
diet affected milk yield, although cows tended to produce
_the most milk when fed HTP

2.

Increased fat content of the diet caused a small, but
·. significan_t decrease in milk protein percent.

3.

Milk fatty acid composition was changed by feeding whole
soybeans.

Concentration of long chain unsaturated fatty

acids 18:1 and 18:2 were increased with a corresponding
decrease in 6:0, 8:0, 10:0, 12:0, and 14:0 fatty acids.
Fatty acids 4:0, 16:0, and 16:J. were not -3ffected by diets.

4.

Rumen ammonia coneentrations were lower in cows fed HTP
and HTP-U indica_ting a potentially greater protein
utilization. -
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